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ai^MH °J7V£1^ ^ <3*ll*RrHl 3^ *1 

^1^7} 1>H^7l^r, ^-7] ^KSi^l^ gt± ^^n, 

^■7) #^>€^^ -f-*fl ^"71 B^^l^El^ ^>i/£Lefl<yo11 ^^fe # 
7} f^g^ ^ ^B^^, #71 ^#A]7]^ 3§E3-*> 

7 <KH3*im ( ^-7] Sflsj-g- o]-^ $HH tc)-^- 

£ 2 

^S^ A ch BLT, BT0, SBTN, SBT, ^±-"§-^ , MTP 
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7l]3j|AlE^ ^ ^til fr>^ aflat Hh'S {Capacitor and method for 

fabricating nonvolatile device with the same} 



£ laxr ^efl 7] 4€- #-f}-^l nflS-Bl i^># i*} 

£ lc^r 413^ ^15. M-B}^ ZLHfl^, 

3E. 3a £ 3ffe £ 2^] £Al^ H]^^ ^z}o) H 0 >rf^_ £Al*V ^ ^ 



S. 4b^ ^E^-^fl zieflH. 



31 : lV£^]7l^h 32 : i^e^ 

33 : ^MB^S)-^ 34 : 

35a, 35b : 4i^/= efl^ 36 : afll f^^^- 
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37 : tflHeKl^- 



39 : 42 ^Zt^<£^ 



41a : 



43a : 



46b : -H^^ 



48 : -^^^ iL^# 



38 : 

40 : = 
42a : e] ^s)-^- 
44a : 

47 : #-f}-^m 
49 : -tf-^^ 



<19> tiVi^] *\}3-^ i^Hl^i #-fj-^l(f e rroelectric) 7fl2)WE-H A>-g-f- o.s.m) 

7}^ DRAM(Dynamic Random AccessMemory) di*HH €-3-tr ^Hefl 4=1 (refresh)^ 
^•^>JL tfl-g-^ «flS.3* ol-g-^- ^ ol^ 7fl^ol ^£H#4. 

FeRAMC ferroelectric random access memory) ^>^- cfls.^ 4i* r ^ <^#o.S. 

7l€^ DRAM°fl ^3*}^ ^Hlcfl 7l«^^l-S. ^^-Jl 31^. 
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<20> ^-g-^m ^lS-el ^Rr, An^^r ^7]^ ^<L£. 

«<KH £1*11 ^*1H ^ 1*1- 0* *\ #*Kr °l-§-*Rr 3Wi=h 

<2i> FeRAM^l ^MSfe SrBi 2 Ta 2 09(ol^l- 'SBT'e}- SfW)^ Pb(Zr ,Ti)0 3 (°l*r 'PZT* 

^^)2f ^ e^o] ^ o-^^ 7 > ^-<HH ^ 

^ofl o]5t^ ^ 7fl^ ^ff-^C remnant polarization) #efl» £j1 $X°] °1» ^ v 

^3J-«H Mlfl*^ (nonvolatile) ^S-B] ^S^l -§--§-ol ^sjji &tK 
<22> ^T^, SBT^ -f^* PZT^I ^ ^ ^ ^ ^ A A 

^ -2^ ^ ^flSr ^--R-^^l 1-^5.^ BLT(Bi 4- x La x Ti 3O12 ) ^ BT0(Bi 4 Ti 3 0i2)7> 

<23> £ la^r #5fl7l#oll 4^ #-fr^l ^JE-Sl £^ *V ±.^> ^£ojtf. 

<24> H l a » #2:*|-^, ^-2.^71^(11)011 ^2l<5Rr ^>^-a] ^-(12)^1 

H)JI, «V£.^11 71^(11)^1 7flolB^]:5l-^-(13)2l- ^-=&|-oi(i4)^ ^^^Sl-ol tg^^M, 

^^.5l-ol(l4) ^51 *VE*ll7m(llH ii/:EL3l°l<3<*Kl5a, 15b)<>l ^€4. 
<25> ziElJl, ^^5l-<?l(14)3l- ^i/^-ell<y^^(15a, 15b)* if-^Rr H^l^^l ^ 

l#^^^(16)c>l ^5}^, Al^^^H^ ^-S-*H ^^/=efl^l^^(15a) 

<H1 €-^3^ «lHe|^^-ei(17)# ^-n «1 Her"?! (18)^1 ^^€4. 
<26> ns^JL, 01^51-^(18)^- 5E^tr ^^l ^^^^(l^ol ^^sjJl, ^2^^>^ 

^^(19)4 ^U^>^^^-(16)* -g^Hl 4^ ^i/^efl<?l^^(15b)^l 

^Msl ^l^^^-^(20)ol ^^^4. 
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<27> nelJL, ^S^*)^.EL-ai|fl(20H ^-^(21) o] ^ ^ £l Jl , o)£-*V 

£^-(21)# 3^* ^«fl ^3^3 j7^^^n| (2 2)ol ^^^-(21)^- ^1^^>J1 5a^. 
^^^(22)21- ^^^"(21)* #-fr€*IW23)°l #$-&*\]A(23)£: 
BTO iE^r BLT* ol-g-^ji, ifi<3°H]nV 

<28> 7j-^-^^s|-(23) ^Ml ^^m) c ) *$^QA. 

<29> £ la-n}- ^-g: ^2:^ 7fl2flAlBl# MTP(Merged Top Plate) ^2iA^- ^A. 

oo> =lAA, BTO BLT«- =>1 -g-*>^ 711^1^ -S^H ±AA JL^r A\ ^ 

J± 2} 5. ^Kdata fatigue)^ AAA ^A ^$-A ^^(fail)* ^^Itt -g- 

*fl7} SXA. AA, AS- ^^^1^(23) ^51 °]^Rr Hl^(Ti) oj^o] 

<2]JjLofl^ oi7>S]^ ^i^l-C charge impact)^] £]*fl ^^ji, 
^ol <2jJf 91 A ^A An ^ ^.A> ^ ^^^c^ uj-Bl- 

A$= 4°l#(dipole)^ tiH^-i: #^17-|jl, ^f-o] ^^fl^ Tfl^l 

7fl3flAlE^ i?]^ (conductor) M^S. <ysfl mv^HI <?}7>£lTr 917} ^^(field)7|- 
^o>^ «vn>oi ^Tii AAA^ &A17} 9XA. 

<31> 5. lb^ #2fl 7l#^ ttf^- BLT^^l ^ ^Sfol^. ^71^, 7}^S^ i 

^J4°lti H-eKHol, ^lsa^r ^A&(P*-pA^ AAAA, +4PA -dP^ <#A 
grAtiA ^A ^A&^r A AAA. =lA3., sl lc-b <tA3. AAA ol 

A^s.A , 7}s.AS-^ AAA 3., A\£-A3.$= e-^iKPMO-fr AAAA. 

<32> £ lb* , 125°C(a,vHH A^^AA A±.AJ>- $X^A, ^ A 

o]b\7\ Jl^fA^ ^AA A&A^ fe^r i^^^>ol#(Switching cycleHH 
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<33> s. lc# ^"2:^, ^ ^(measure temperature) 7} fe°r^^- £r^3JM w"^r 

711 9X^. ^, ^S:S.7\ M°f^^ &^3KP*-P") 0 1 18uC/cm 2 *<^H 10 

uC/cm 2 ol*>S ^-3*r?ti 

<34> ^- 7 ]^ ^]^^- «M*>7l ^*fl <tf#*b ^l^H 

<35> ^"71 ^*\^r ^^>7l ^- tijfl^ H^^^Ei7> ^ =1 

*fl7m, ^-7i «v£*i}7i^ jg^^v a^t- ^-71 f^];^^ 

-f-*Hr ^-fr ^ ^7l H^M^E^ i^/^efl^^ oi^S]^ ^-71 ^ 
71 ^Mr^l^ #3 ^Bl^ JiL^, ^ ^"71 ^S] 
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<36> ZLfilJl, V] 3?) ^ ^12: «J"^^r #^71^ -tf-^ofl #^>^^^# 

^*Rr #31, ^"71 *H?-^4 ^n>^ 3 ^ 3# Sfl^d 

* ^^Hr #31, ^-7) 3# sfl^-g; if-fV ^^ofl Jl^^^-g- ^*Kr #31, ^7] 
^JEL^H^l S.^} Aj- 7 j ZL^^^^ #711, #7l *>^} 

i3t «^1?1H^# *H7^Hr #711, ^7] 5}E4iH *fl7i^ H&|# ^"71 

^*Hr #711, #7l *Bi^ 4H1 ^f*l^-&- ^^Hr #31, 

^ #7l ^^^-§- S^i^ ^T-71 3flE^^ #7111- i 

<37> Ol^, « s Vxgol #*H= 7lH^HH 7 >^1 7>7> ^ 5} 7]#^ 

<38> £ 2-^r ^^1 ^AHHl Hf^ MTP ^2:^1 7fl 2fl ^ Bl -I- i^>^ «1 ^ i7}f 

<39> £ 2^1 £^1^ ^-ol ; #X-1 Hlfl^S ^7>5] 7flsflAlE-H- #3JjiL#, ol^f-oV 

(41a)^ 01^^^.^.(423), zl^ZL ^^(43a)2] ^^o] zl^%<£ 

^(46a)^l <^*1-°1#*1 5§#S}-£lJ! ( Jg#Sl-^ *Pf^ ^ Jl^€9i^-(46a) ^Ml 
#z\]^U7)o) #-B- ^1^(47) #°fl *hh^ iL^(48)-4 #^-^^-(49)ol ^ 

<40> <^7H, aV^^^- ^.^ ( 4 8 )6. 7<} ._o ^^ni-(47)o. S o]-g-£^ BLT S^r BT0 

ElBl-^-o] jH^s}^ ^-^s>^ ^ ^^^^-(Oxygen vacancy)* ^.^(compensat ion) 
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-ihfc.-^ iL^#(48)£r 10A-1000A tf-n°]JL, SEfe €^>^^^r °1 

-g-*H 100°C~700°C^ ^£5]- O.lmtorr-lOtorr^ ^ ^ ^ ^z)-^ %o)t±. 
<4i> 7j-^-^^]nV(47)^. BLT S^r BTO #^^1 ^-fi-^tfj-ol ji, zl ^flfe 50 A ~ 

3000AoH ; ^«^^(4 9 )^ ^^-(pt), ol^^-dr), ^e^(R u ), ^i^(W), o|G]f-A>2}- 

<42> ZL^Jl, Jl^ll<aBi-(46a)^: HDPCHigh Density Plasma) BPSG, BSG S^r PSG 

<43> ^o. S) u] ^-^ ^>^-e| ^-(32H al£^l 71^(31)^1 i^/^-efl 

^^^(35a, 35b), 7flolH^>2}-^-(33) ^ .El 6^(34 )-g- i^Rr S<ffl*l^Ei7} 
Jl, alS^l 7)^(31) A o >J r* *fll ^7j-^<^^-(36)ol gjl &o_n} , *)U ^^]-^°l^-(36)* 
^ ii/^.efl^l^^(35a)^l BlHBK!S«|(37W ^sM, w]h&}-^1€-^ (37) 
41 wlH^^Io] o^^igtf. ZislJL, *fll #^^^"(36) ^Hl *ll2 ^^^^-(39)o] 
slJl, ^12 f^^^H- ^1 #7i^^n|# ^Ajofl ^-f-^H ^ ii/H.efl<y^<^(35b) 
<H1 ^l^^.^^(40)ol ^^^4. °1^ ^£e^^ii-E.^^(40)^ ^Hf^l^M: °] 

^ ^l^l-^-(41a)^- ^^slJL, ^^^.S #5l^el€-#ei^, ^ ^^a}o) = ^ e) 

<44> 3E. 3a vfl^l £ 3f^r £ 2<H1 JEa]^ h]^^ ^7>^ ^x\^V ^ cjig 
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<45> £ 3a<>fl IEA]^ Qo), 71^(31)^1 r£7 r # ^-ell- ^tb ±.^^(32) 

* ^*r^, ^£^1 71^(31)5] #^<3^HH1 7^H B^Sr*K33) 3]- 

^JEL5}°1(34)* *HlsL 

<46> tf-g-il^, ^5^(34) *V£*fl 71^(31)^1 l-^#* e^ 7 ]a 

^/=efl^l^^(35a, 35b)* tr£, 5^13*1 

<yo} <£^tSofl ^H^l- ^ ojji, ojoil t^ef LDDCLightly Doped Drain) 

^51] o] a^I- -H-£-51 ©l^r^sH LDD ^^<H1 ^s}^ i^/= eflo]<^^ 

<47> cf^ S> ^x\^b\7} ^£ tiVSL^l 7l^(31)^Hl afll ##^£^(36)* 

^ ^, ^*r^3(.£X| *fll #?i^^^-(36)* ^^HM ii/H 

Bfl°J^^(35a)* t#Al7]^ wlHeKl^** ^^*>J1, wlHs^^l^^^oil nfl^E)^ ^ 
B^-o]ee](37)* *§^W. ^7)*} , ylH5}o]3.i«(3 7 )^ eji^(w)* ^ 
°fl^l^(Etch backH^- ^^7l74l3<£lnKChemical Mechanical Polishing; CMP)* ^f-*fl 
iKW-plug)^ ^ 91^. 

<48> ^o. S( ^igofl ylH^o]^- ^tb -8- sflEi^H wlHer^^^^l 

3^ wlBH}^l(38)* wlB^-<?](38)# £^ ^^^1 ^2 ^*HJ<S^(39)* ^ 

<49> cf^-o.^., ^] i,EL^ p}iEL (5L ^ ^)sL 7112 #^r^^^(39) 4 afll #?_> 

^£^(36)* Ej-<% sflo]<^ *j (35b)* ?| ^ ^SeMi^s 
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£^|^^=^^(40)^r l-^^Hl^#ein( po lysil icon-plug), *]^w^*}°] 
(Ti-silicide) ^ E]Bf%-i4o]Hel-c,]c( XiN )o 1 , o^o] ^ 

* #*l*Rr ^tifl^^Bl-oljl, ^EfWolEsHrrnJ-^ ^3 ?1 31 3 ^KCMP)!" 

i£BH^JEL-g-^(40)* SE^tt ^12 #^^^(39)^H1 §1-^*1^-* °1 
1- lE^il^ olsl#°i-(Ir, 41), ^s]#Al:2|-^(ir02 , 42) ^ ^^(Pt , 43)* *H1 
S #^1}. ojofl, o)^^-nj- (41)i o]e]#Al:S|-^-(42) ^ *fl^(43)£- AA 200A-2000 

4^1, «j^^(43)4Hl *Hf*l^- 5flE^Al sfE^iaS ^-g-5]^ e^^^oih^ 
°l^^-(44)* f^tt E] E^-^-M-ol e e^-o] = B]-(44)4H1 *B^^-* ^*Rr #^*B 
€(45)* °H, *\*\^°}B-&r°]^(AA)£; 50A-1000AS) 

^^H, El B]-W°lH^olc 01.(44)0. ^JjL^o] 5)]E^A] 71*71 ^ o] -SjL^ *}i= 
*}^3°ltK 

ZL51J1, ^^2fl^(45)* v}^ELS. E]Ef^M-o]HB^-o]£L^(44)* ^) ^ W . 
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<54> 5L 3b°fl Ik*], ##^11(45)* ^7]^ ^, ^z^S^ ^Ef^-q-ojB 

5^-01^^.(44)^. Alz]-P>ia.S «Jj^-*K43), -§-#3^(42) , ^^#^(41)^: x}%]3. ^ 
B|\3*H °lBl#^(41a), ^5l^5^H42a) ^ ^#^(43a)^ *H¥-*H" 
* *]S.^, SH^^ ^wfl^^^( 0X ygen barrier) ^^tr ^*Rr °13 

#^(41a), ^#(glue layer) ^^Sr ^r^Kr *}^^^(42a)^ ^r^°J a -*l^r 
(43a) ^ 3# ^Sojrf. 

<55> SB^^M- o]=^ ^-4^o.3.Sr «S^(43a) $H ^1^, o]^^, 

IEtt i^lM-ol H M ^d^Sjjl, ^ 2j"flSfe e >lBl#^>5(-^-(42a) $H 

^5)-^ je^ ^^^l^sl-^ofl^i , ^nfl^<H^^ °ls|#^(41a) ^Hl 

^S-^H «|^(43a) ^oHl °l*r, ^ff-*Hr ^^14 

olE^olnnVA '44a' ^ tr^f. 

<57> cf-g-ofl, ol-o-tr ^H^^r ^-ir^ll^H ^-f^-i: JEf-tr *H3 

^^^-(46)^- ^tri=f. °H, *ll3 #^^^^-(46)^ HDP(High Density Plasma) -SrS^, 

BPSG, BSG PSG f^H sH-o^ 1000A ~10000A^ 

<58> £ 3 c ofl ^X\Q w}<2f ^-ol ; E]^i4olE^o]cn|.(44 a )oi &t£o] B.£\\£r%77\x] s)- 

^^9l^-(46a)# ^^tr4. °H , A A 3 *1 ^e^uH e^o] j= ^(44a)ol 

^^-^-(43a)^r ^ (capping )*}JL s}-5L g).^ 7} Tfl ^ <£*}(over CMP)3 ^51 
^^-^(433)^1 ^^ltrcf. 

27-13 



1020020085054 #^ 2003/5/15 

<59> £ 3d^] 44 go] t ^^-tfj-( 43a ) ^-ofl #^4^ ElE|-^-i4olHe1-olS.^-(44a) 

* 4^43, SC-1 ^^1 9flPl^6fl ^ZI^ 4?ltr4. olnfl, E] 4^4°1 EeJ-ol = 4(44a) 
*\]7]X\ JL^^(46a)o) *}^o)B.S. ?H4^H ^ >fl 443^, ^ 4^4 

(43a) S^o) £.£14^ 43*>4 -H^ ^ 46a) o] ^ *H4€4. 

<eo> <^7H t SC-1 ^1 ^ HC1/H 2 0 2 /H 2 03 ^ofl ^444 ^hg-^o] -f 

<r44 El 4tt4°1 E ^01^^(443)^- ^Tfl *fl7^ ^ o] S M| J7^^o^n| 

(46a) HL4 ^71] 4444 4^-4(433) o]f ^ oj4. 

<61> ##4^ 52^<24(46b)^ Ol-o *V 4S ££44^4 3 # ^ 

22] 4 : f?l4^ <H|44*r ^Efl# ?Hr4. 
<62> o]«4 £0], 4^44^ .n^;g<£4(46bH] 444°!^ ^BtfJsL ^4H.JL*| jflBflAl 

1=14 cf^Hl 4€- 4^3 4°j^ JjLig- ^ 3g^ol ZIElJl ^<5f«-*i^?i T^-fr 

44* ^ 43^ 3fe4. 

<63> £ 3e ofl s.X\Q 44- ^-o], 3*444440*4^ ^e)-4£ ^4# A cHl BLT SE^f BT0 

^44 4-?r444(47),g: 50 A -3000 A4 -^43. ^44?)^, 44444(47)4 

*\] ^>#(48)^r ^tr4. 

<64> 444, 44444(47)£- 4^34 £ 444 ^4^444 4€^(sequence)«- 4 

^1, 444^: #^44 (Rapid Thermal Anneal; RTA) 4-8-44, ^tI^^H 

400°C~800°Co)jl ) ^H^Cramp up) 80 °C -250*044. ZL^JL, 

4^ 5.°!^ sl (furnace anneal )« ^*§44 , 3.<I444 500°C ~800°C4 jl, §4 

71 7>i^ 0 2( N 2 0, N 2 , Ar, Ne, Kr, Xe He ^44 4^£4. ^ejjl, 44444 
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(47)£r r^^S^CSpin coating)^ SE^ LSMCD(Liquid Source Mixed Chemical 
Deposit ion) <>l-8-*H 50A~3000A^ ^€4. 
<65> HE] JI, *hfc^ ^#(48)^r ^^^^-(47)^.5. BLT SE^ BTO ^^-^ 

E]E}^ol sl-^sH t^^rfe :g*r, ^ -4V±.-§-^- (Oxygen vacancy)-!- iL^( compensation) 
Sfl^fe ^-^^^-^-(RuOx) £E^r ol^^-A>5|-n|(I r 0 x )^^ ^^^M: 

AV^lSl- EjE^H ^^M" ^E}^ ^o] o]- 

^tr ?2t n) S ^ s.^ o. o]-^s|.Al^lrf. 

<66> <^<2}- ^ ^V^^- i^(48)^r 10A-1000A ^MH^, Sj-tM^^ ^ 

*f#^2M£* ol^-^>^ 100°C~700°C^ ^r£.5f O.lmtorr-lOtorr^l ^^HH ^ 

<67> £ 3 fofl w}^ ^ol, av^m iL^V^(48) ^^i^-(49)-g- ^ 

W ^, ^ ^-g- ^*i^(49)-g- 5L*1^ ^-¥-^^-(49)^: 

^*r^, ^jofl *hh^ 2±^H§K48)# ^^(49)4 7 0 V-^-^^oi. ( 4 7) A >ol 

^1 iL^§K48)^g- ^-^-Al^iq-. 

<68> o^H, ^^-(49)* ^^^>7l ^^1 ^7l#^-«KCVD), 1-S]7l^ 

^ (PVD) , ^*}f^2]-«K Atomic Layer Deposition; ALD) ^ #5^p>^7.}#^^ 
(Plasma Enhanced ALD; PEALD) f^H ^bh^ ^q-o] f^-w^ ol^><^ , «J}^- 

(Pt), ^l^#(Ir), -Mt3-(Ru), ^i^l(W), ^^#<L>Sj-^-, ^^I^-aV^b]-, ej^^iq-olH 

-§-trr4. 
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<69> ^A]ofl^ ^sflAlE-H- MTPCMerged Top Plate) ^X\^ 

JL f:}v\, MTP 7fl^)AlEl^ <5Ff Jl^^tq-ofl <2}*fl o\]Q*}o]H.3-»\ +)A^ 

<70> ^-71 ^Al^o)]^^ 4hfctiflB]<H^, ^iS. 3^ ^221 ?>} 

^Hl^J- -f^Ml Pt, Ru, Ir, W WN ^<fM ^4^^4. 
<7l> a>^^- ^.^(48)^: #-f^li3V(47)ol E]B^^ 

-e-*V BLT SLtt BTO^l 3-f» ^lS. ^-^M", ^"f^l-Jl 5Utt SBT[SrBi 2 Ta 2 0 9 ] , 

SBTN[SrBi 2 (Tai- x , Nb x ) 209]^: 3-§-^-fe ^-f H^H^ SBT S^r SBTN-4 

<72> £ 4a^ ^- ^-^^1 ^^Hl^l ^-^r BLT^-^1 ^15)^ ^ ^tH, 7>S^ 

i^^3A>oi^ q-^tflji, AfliiL^^r £^-lKP*-P~)* M-^H, +dP^ -dP^r A 

Hf^ H2fl*5.>H , 7>S.3)-S^ ^£r5M- M-EftfljL, ^S^S^r ^&(P*-P")^- 

<73> £ 4at- 125°C(A,v)^ , Aj-ol-^ol ^e}-£i 7^ #f|-£-q- 

^ ^Sl-7> ^(RT, • 7§^°\}5L A]-o]^ol ^D^i *Hf£-^-°l 7^ 
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<74> £ 4b# &2x-s}i£, ^^^5L7> feof^^s. ^^-^-o] a-^a^I ^-^JI # 

ff-^&°l 18uC/cm 2 ^IE°1H 10 ii C/ cm 2 91^. 

<75> O^e], £ lc£] ^Bfl7l#<HlAi^ 125°C(A,V)^ ^-f ^^^£7> fe*-^ 
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